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Abstract 
This paper introduces an adaptive procedure to improve the efficiency of a two phase simulation-optimization 
cellular automata algorithm recently proposed by the authors for the optimal design of household sewer networks. In 
the proposed method, the continuous decision variables are discretized to turn the original mixed-integer problem to 
a discrete problem which is then solved by a two-phase CA method. It is obvious that coarse discretization requires 
low computational effort but may lead to sub-optimal solution while fine discretization may produce better solutions 
at the expense of higher computational cost. An adaptive refinement approach is, therefore, proposed to reduce the 
computational cost of the CA method with no adverse effect on the quality of the final solution. The optimization 
process starts with coarse discrete values of pipes nodal elevations and the problem is solved for optimal solution. A 
finer discretization of the pipe nodal elevations is then constructed in the neighborhood of optimal pipes nodal 
elevations obtained from the first run and the same process is used to find the new solution. This process is 
continued until no change in the solution is possible. The proposed method is applied to solve two benchmark 
problems of literature. The result explicitly shows that the proposed adaptive refinement approach leads to quality 
solution with much reduced computational effort.  
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of HIC 2016. 
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1. Introduction 
Sewer networks are one of the most important infrastructures in urban areas, the absence of which may cause some 
important health and environmental problems for citizens. Construction of these networks is costly and, therefore, 
trying to build networks with lower construction cost is an essential issue for designers. Excavation and pipe 
installation costs are two main parts of sewer networks construction costs. These costs are a function of pipe slope 
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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and pipe diameter with conflicting nature. The aim of any optimization process, therefore, can be thought as crating 
an optimal balance between these parameters. Due to the complexity of this problem, different optimization methods 
have been used for optimal design of sewer networks such as Non-Linear Programming (NLP), Linear Programming 
(LP), Dynamic Programming (DP), Discrete Differential Dynamic Programming (DDDP), heuristic methods and 
more recently Cellular Automata (CA) algorithm.  
Merritt and Bogan [1] proposed a DDDP and solved the sewer optimization problem with the pipe diameter and 
nodal elevations as decision variables. Dajani and Hasit [2] used a hybrid LP to design the sewer network in which 
LP produced continues range of pipes diameter and commercial diameter was selected by a mixed integer LP. Mays 
and Yen [3] used DP and DDDP as a serial method for optimal design of a tree-shape drainage system. Robinson 
and Labadie [4] presented CSUDP-SEWER based on DP and designed three different drainage systems. Gupta, et al. 
[5] developed a DP method for optimal design of gravity sewerage system. A new approach of DP was proposed by 
Kulkarni and Khanna [6] for optimal design of sewer networks. Miles and Heaney [7] proposed a heuristic method 
on spreadsheet templates for optimal design of sewer network and compared the results with other existing method 
based on DP. Li and Matthew [8] presented a hybrid method for layout and size optimization of sewer networks in 
which a searching direction method and DDDP were used to find the optimal layout and pipe sizes, respectively. 
Liang, et al. [9] applied Genetic Algorithm (GA) to find the optimal configuration of pipes diameter in sewer 
systems with the lowest possible cost construction. Afshar [10] developed an adaptive Ant Colony Optimization 
Algorithm (ACOA) for optimal design of sewer networks. Afshar, et al. [11] used a GA as optimizer and EPA’s 
Storm Water Management Model (SWMM) as simulator for optimal design of storm water collecting systems. 
Afshar [12] used a rebirthing Particle Swarm Optimization (PSO) algorithm to design storm sewer networks with 
lowest construction cost. Afshar [13] proposed two Constrained and Unconstrained versions of Continuous ACOA 
for optimal design of storm sewer networks. Moeini and Afshar [14] used a hybrid ACOA-TGA (Tree Growing 
Algorithm) for optimal layout and size determination of sewer networks in which TGA was used to construct 
feasible layouts while the optimal network was selected by the ACOA. 
More recently CA has been used as an efficient optimization algorithm for optimal design of sewer networks. 
The first application of CA to sewer network design problems is due to Guo, et al. [15] who proposed a series of ad-
hoc updating rule to update the cell states. The method, however, suffered from severe limitation of requiring pre-
defined pipe slopes. Afshar, et al. [16] presented a CA with mathematically derived updating rule for optimal design 
of household wastewater networks. The nodal elevation was considered as the cell state and the optimal pipe 
diameter was calculated using the maximum allowable flow ratio. Afshar and Rohani [17] considered the nodal 
elevations and pipe diameters as decision variables of problem and proposed a Hybrid Cellular Automata (HCA) for 
optimal design of sewer networks. Afshar and Rohani [18] proposed a hybrid GA-GHCA method for optimal design 
of pumped sewer networks in which GA found the position of pump stations while GHCA was used for optimal 
sizing of the network. Afshar and Rohani [19] proposed GHCA method for optimal design of both gravity and 
pumped sewer networks. More recently, Zaheri and Afshar [20] coupled a Two Phase CA with EPA’s SWMM and 
presented a two phase simulation-optimization Cellular Automata algorithm for optimal design of household sewer 
networks. Pipe nodal elevations and pipes diameter were considered as decision variables updated by an ad-hoc 
updating rules in parallel. 
2. SEWER NETWORK OPTIMIZATION PROBLEM 
The main goal in optimal design of sewer network is to find the pipe sizes and slopes which leads to a sewer system of 
least cost. Excavation and pipe installations costs are the main part of construction costs which are functions of the pipe 
slopes and pipe diameters. These design parameters are in conflict with each other and, therefore, the aim of any 
optimization process is to create an optimal balance between them. The objective function of the sewer network 
optimization problem can be formulated as: 
ܯ݅݊ܥ் ൌ ܥௗ ൅ȭ௟ୀଵே௅ ܮ௟ܭ௣ሺܦ௟ ௟ܺሻ ൅ ȭ௜ୀଵேேܭ௠ሺܪ௜ሻ                                                                     (1) 
Here ୘ is total cost of the network,ୢ is pump and drop costs, NL is the number of pipes in the network, ୪ is the length 
of the ୲୦ pipe, ୮ is the unit cost for the ୲୦ pipe, ୪ is the diameter of ୲୦ pipe, ୪ is the average excavation depth of the 
୲୦ pipe which is a function of the pipe nodal elevations, ୫is the manhole cost function, NN is the number of nodes in 
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the network, and ୧is the depth of ୲୦ manhole. 
Some typical constraints of the sewer network design with operational purposes can be considered as: 
௠ܸ௜௡ ൑ ௟ܸ ൑ ௠ܸ௔௫݈ǣ ͳǡ ǥ ǡ ܰܮ                                                                                               (2) 
Where ௟ܸ is the velocity of ݈௧௛ pipe, ௠ܸ௜௡ and ௠ܸ௔௫ are the allowable minimum and maximum velocity, respectively. 
ሺߚሻ௠௜௡ ൑ ሺߚሻ௟ ൑ ሺߚሻ௠௔௫݈ǣͳǡ ǥ ǡܰܮ                                                                                 (3) 
Where ߚ௟ is ratio of the flow depth to diameter of ݈௧௛ pipe, ߚ௠௜௡ and ߚ௠௔௫ are the allowable minimum and maximum 
ratio of flow depth to pipe diameter, respectively. 
ܺ௠௜௡ ൑ ௟ܺ௜ǡ ௟ܺ
௝ ൑ ܺ௠௔௫݈ǣͳǡ ǥ ǡ ܰܮ                                                               (4) 
Where  ௟ܺ
௜ , ௟ܺ
௝ are the upstream and downstream cover depths of ݈௧௛ pipe, respectively, and ܺ௠௜௡ and ܺ௠௔௫ are the 
allowable minimum and maximum cover depths. This constraint also can be rewritten as: 
݄௠௜௡ ൑ ݄௟௜ǡ ݄௟
௝ ൑ ݄௠௔௫݈ǣͳǡ ǥ ǡ ܰܮ                                                                                 (5) 
Where  ݄௟௜ ,݄௟
௝ are the nodal elevation of ݈௧௛ pipe, and ݄௠௔௫ and ݄௠௜௡ are the allowable maximum and minimum nodal 
elevations, respectively. 
ܦ௟ א ࡰ݈ǣ ͳǡ ǥ ǡܰܮ                                                                                                              (6) 
Where  ܦ௟ is the diameter of ݈௧௛ pipe and ࡰ is the set of diameter of existing commercial pipes.  
ܦ௜ ൒ ࡰഥ࢏݅ǣ ͳǡ ǥ ǡ ܰܰ                                                                                                              (7) 
Where ܦ௜ is the outlet pipe diameter of ݅௧௛ manhole and ࡰഥ࢏ is the set of inlet pipes diameters of ݅௧௛ manhole. 
ݍ௟ ൒ ܳ௟݈ǣ ͳǡ ǥ ǡ ܰܮ                                                                                                              (8) 
Where ݍ௟ is the flow capacity of ݈௧௛ pipe and ܳ௟ is the design discharge of ݈௧௛ pipe. Flow capacity of each pipe depends 
on the roughness and hydraulic radius of it. 
3. TWO PHASE SIMULATION-OPTIMIZATION CA METHOD FOR OPTIMAL DESIGN OF SEWER 
NETWORKS
In the two phase simulation-optimization cellular automata, the optimization problem is divided into two sub-problems 
with different decision variables which are solved iteratively using a two-stage CA method (Zaheri and Afshar [20]). The 
optimization process starts with arbitrary values of pipe diameters and pipe nodal elevations. A brief description of the 
method is given below. 
First Stage: 
In the first stage, the pipes diameter are fixed and the pipes nodal elevations are considered as decision variable of the 
optimization problem. The network nodes are considered as CA cells and nodal elevations of the pipes meeting at the 
node as the cell states and the upstream and downstream pipes connected to the node are considered as the neighborhood 
of the cell. A series of ad-hoc local updating rules based on engineering judgment aimed at minimizing the objective 
function and satisfaction of the operational constraints is derived and used for updating the cell states. The updating rules 
are applied in parallel on each of the cells. The process of updating is continued until the convergence is achieved. The 
network hydraulic conditions including flow velocity in the pipes and the ratio of flow depth to pipe diameter at each CA 
iteration are calculated using the kinematic wave routing model of EPA’s SWMM. 
Second Stage: 
In the second stage, the pipes diameter are considered as decision variables of optimization problem while the pipe nodal 
elevations obtained from the first stage are fixed. The network pipes are, therefore, considered as the CA cells with zero 
neighborhood. Once again, a series of ad-hoc local updating rules based on engineering judgment aimed at minimizing 
the pipe instillation cost and satisfaction of operational constraints are derived and used to update all pipe diameters in 
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parallel. The updating process of pipes nodal elevations and pipe diameters are continued iteratively until the 
convergence is achieved. 
4. PROPOSED ADAPTIVE REFINEMENT APPROACH 
The two phase simulation-optimization cellular automata algorithm for optimal design of sewer networks requires that 
the pipe nodal elevations are in a discrete form. This requires that the allowable ranges of pipe nodal elevations are 
discretized so that the proposed CA method can be used. Discretization size has a decisive effect on the performance of 
the algorithm, namely, the quality of CA solutions and the computational cost required. Coarse discretization saves the 
computational cost, but reduces the chance of reaching the optimal solution, while finer discretization increases the 
computational cost of the method which could be preventive when solving large scale problems.  
In this article, an adaptive refinement approach is proposed to reduce the computational cost of the CA method while 
maintaining its ability to find near optimal solutions. The proposed process starts with a coarse discretization size for the 
allowable range of pipe nodal elevations and the CA method is used to obtain a solution. In the next run, the allowable 
range of pipe nodal elevations is restricted to the neighborhood of the obtained solution, discretization size is halved and 
a second solution obtained using the CA method. The process of reducing the allowable range of pipe nodal elevations 
and the discretization size is continued until convergence is achieved. 
5. MODEL APPLICATION 
In this section, the performance of adaptive CA is investigated by designing two benchmark sewer networks from the 
literature. In both examples, only 10 discrete points was used to discretize the allowable range of the pipe nodal 
elevations.  The first example is a sewer network originally designed by Mays and Wenzel [21]. This sewer system 
consists of 20 pipes and 21 nodes and its layout is shown in Figure 1. The characteristics of the network are provided in 
Table 1. Meredith [22] cost function is used to calculate the cost of excavation and pipe installation. 
Figure 1. Network layout of the first example 

ܭ௣ ൌ ൝
ͳͲǤͻͺܦ ൅ ͲǤͺܺ െ ͷǤͻͺ
ͷǤͻͶܦ ൅ ͳǤͳ͸͸ܺ ൅ ͲǤͷͲͶܺܦ െ ͻǤ͸Ͷ
͵Ͳܦ ൅ ͶǤͻܺ െ ͳͲͷǤͻ

௜௙஽ஸଷᇲ௔௡ௗ௑ஸଵ଴ᇲ
௜௙஽ஸଷᇲ௔௡ௗ௑ஹଵ଴ᇲ
௜௙஽வଷᇲ
                       (9)
ܭ௠ ൌ ʹͷͲ ൅ ݄௠ଶ                                                                                                                      (10)
Where ୮ is the unit cost of pipe installation ($/ft), D is the pipe diameter (ft), X is the average excavation depth (ft), ୫
is the cost of manhole construction ($) and ୫ is the manholes depth (ft). The network is constrained to a maximum 
velocity of 12 (fps), minimum velocity of 2 (fps), maximum (
୷
ୢ
ሻ  of 0.82, minimum (
୷
ୢ
ሻ  of 0.1 and minimum cover depth 
of 8 (ft). It’s assumed that pipes have a constant Manning roughness coefficient with the value of 0.013. 
Mays and Wenzel [21] presented a DDDP for optimal design of this network. Robinson and Labadie [4] proposed a DP 
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while Miles and Heaney [7] proposed a heuristic method on spreadsheet templates for its solution. Afshar [10] applied an 
adaptive refinement with ACOA and a re-birthing particle swarm optimization algorithm (RPSO) (Afshar [12]) to solve 
this problem. Recently some CA-based algorithms are proposed and used for optimal design of this network. Afshar, et 
al. [16] used a single stage CA method, Afshar and Rohani [17] applied a two-stage hybrid Cellular Automata (HCA) 
and more recently Afshar and Rohani [19] proposed a General Hybrid Cellular Automata (GHCA) to solve this problem. 
In a new work, Zaheri and Afshar [20] presented the Two Phase Simulation-Optimization Cellular Automata to design 
this network.  
Table 1.  Data of the first example 
Pipe Ground elevations (ft.) Length (ft.) Design discharge (cfs)
Upstream Downstream
1 500 495 350 4
2 495 487 400 7
3 487 480 350 9
4 490 485 400 4
5 485 480 430 8
6 480 470 550 22
7 490 485 500 8
8 485 475 450 12
9 475 470 350 16
10 470 465 500 44
11 485 475 500 9
12 475 470 350 16
13 470 465 350 20
14 465 455 565 71
15 468 464 400 4
16 464 460 300 6
17 460 455 345 9
18 455 451 400 87
19 451 448 500 89
20 448 445 612 94
Table 2. Maximum, minimum and average costs obtained over 10 runs using proposed Adaptive CA for the first example 
Method Total cost SSD NOFE 
 Max Min Average   
Afshar [12] Conventional PSO 309,000 246,003 265,667 0.0809 30,000 
Re-birthing PSO 286,444 242,889 256,611 0.0622 30,000 
Afshar, et al. [16] CA method 269,334 253,484 264,883 0.0238 43 
Afshar and Rohani [17] Discrete HCA 300,186 247,412 270,912 0.0560 39 
Continuous HCA 276,826 248,100 257,681 0.0329 6 
Zaheri and Afshar [20] Two-Phase CA 256,760 240,084 250,814 0.0208 515 
Proposed adaptive method NORS 
1 255,964 240,238 248,393 0.0220 174 
2 255,324 239,855 248,008 0.0210 184 
3 255,168 239,757 247,910 0.0210 192 
SSD: Scaled Standard Deviation 
NOFE: Number of Function Evaluation 
NORS: Number of Refinement Steps 
The proposed CA method is used to solve this problem and the results are compared with existing solutions. Since the 
initial guessed solutions could have significant effect on the quality of CA results, 10 runs with different initial randomly 
generated solutions was carried out to assess the sensitivity of the proposed adaptive method to the initial solution. Table 
2 compares the maximum, minimum, average solution cost and corresponding standard deviation obtained by adaptive 
CA in 10 run with different initial guessed solution to other existing solutions. The results show that sensitivity of the 
proposed adaptive CA to initial guessed solution is much less than other methods. Table 3 presents the optimal network 
cost and number of function evaluation required by different methods. The results show that proposed adaptive 
refinement process reduces the computational cost the method while improving the quality of the results. Details of the 
optimal solution obtained by the proposed method are presented in Table 4. 
The second example is a part of Kerman sewerage system in Iran consisting of 20 pipes and 21 nodes as shown in Figure 
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2. The characteristics of this network are in Table 5. The cost function of excavation and pipe installation is as follows: 
ܭ௣ ൌ ͳǤͻ͵݁ଷǤସଷ஽ ൅ ͲǤͺͳʹܺଵǤହଷ ൅ ͲǤͶ͵͹ܦܺଵǤସ଻                                                                     (11) 
ܭ௠ ൌ ͶͳǤͶ͸݄௠                                                                                                                       (12) 
Where ܭ௣ is the unit cost of pipe installation ($/m.), D is the pipe diameter (m), X is the average excavation depth (m), 
ܭ௠ is the cost of manhole construction and ݄௠is the manholes depth. 
This network is constrained to a maximum velocity of 3 (m/s), minimum velocity of 0.3 (m/s), maximum (
୷
ୢ
ሻ of 0.82, 
minimum (
୷
ୢ
ሻ of 0.1 and minimum cover depth of 2.45 (m). It’s assumed that the pipes have a constant Manning 
roughness coefficient with the value of 0.013. Mansouri and Khanjani [23] were the first to design this network using 
mathematical programming and GA. Afshar, et al. [16] used one stage CA method while Afshar and Rohani [17] applied 
two-stage HCA method to design this network. In a resent work, Zaheri and Afshar [20] used a Two Phase Simulation-
Optimization CA to optimally design this sewer network.  
Table 3. Optimal network cost obtained by different methods for the first example 
Method Cost (U$$) NOFE 
Mays and Wenzel [21] 265,775 -
Robinson and Labadie [4] 275,218 -
Miles and Heaney [7] 245,874 -
Afshar, et al. [11] GA-TRANS2 244,747 -
Afshar [10]                           Conventional ACO 245,991 72,522 
ACO with refinement 241,513 27,625 
Afshar [12] Conventional PSO 246,003 30,000 
Re-birthing PSO 242,889 30,000 
Afshar, et al. [16] CA method 253,484        43 
Afshar and Rohani [17]        Discrete HCA 247,412        39 
Continuous HCA 248,100         6
Afshar and Rohani [19] Discrete GHCA 241,845         8
Continuous GHCA 246,892       10
Zaheri and Afshar [20] Two-Phase CA  240,084      515 
Proposed adaptive method 239,757      192 
Table 4. Results obtained by proposed Adaptive CA method for the first example 
pipe Diameter (inch) Crown elevations (ft.) Maximum velocity 
(ft/s) 
ݕ
ܦ
Upstream Downstream
1 12 492.00 487.00 6.16 0.77 
2 15 487.00 479.00 8.20 0.66 
3 15 479.00 472.00 8.48 0.81 
4 12 482.00 476.95 5.81 0.82 
5 18 477.00 472.00 6.95 0.62 
6 24 472.00 462.00 10.57 0.63 
7 18 482.00 477.00 6.54 0.65 
8 18 477.00 467.00 9.77 0.66 
9 21 467.00 462.00 8.83 0.71 
10 30 462.00 456.24 10.22 0.82 
11 15 477.00 467.00 8.48 0.81 
12 21 467.00 462.00 8.83 0.71 
13 24 462.00 457.00 9.42 0.64 
14 36 454.06 447.00 12.00 0.78 
15 12 460.00 454.95 5.81 0.82 
16 15 455.20 452.00 6.15 0.74 
17 18 452.00 447.00 7.77 0.62 
18 42 447.00 443.00 11.76 0.72 
19 42 443.00 439.08 10.56 0.82 
20 42 439.08 433.57 11.31 0.81 
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Figure 2. Network layout of the second example 
Table 5. Data of the second example 
pipe Ground elevations (m) Length (m) Design discharge (lps)
Upstream Downstream
1 74.59 73.66 260 27.9
2 70.70 69.90 300 54.9
3 73.00 71.50 400 21.1
4 73.66 72.10 460 30.4
5 72.10 71.19 260 32.4
6 71.19 69.85 300 34.0
7 69.85 68.24 450 36.6
8 68.24 67.28 400 38.7
9 69.90 69.30 270 56.2
10 69.30 68.40 310 58.0
11 68.40 67.28 440 59.6
12 67.28 66.22 470 96.7
13 66.22 65.82 350 101.2
14 65.82 65.42 340 104.7
15 71.50 70.10 400 26.4
16 70.10 68.60 400 30.0
17 68.60 66.80 500 31.9
18 66.80 66.10 400 40.3
19 66.10 65.42 590 44.6
20 65.42 64.50 320 165.9
Table 6. Maximum, minimum and average costs obtained over 10 runs using adaptive CA methods for the second example 
Method Total cost SSD NOFE 
Max Min Average
Afshar and Rohani [17] Discrete HCA 82,870 77,327 79,472 0.0238 45 
Continuous HCA 78,026 77,433 77,967 0.0024 38 
Zaheri and Afshar [20] Two-Phase CA 82,326 76,750 78,828 0.0260 1184 
Proposed adaptive method  NORS 1 81,772 77,342 79,018 0.0220 134 
2 81,791 77,285 78,983 0.0220 196 
Table 6 compares the maximum, minimum, average solution cost and corresponding standard deviation obtained by 
proposed adaptive CA method in 10 runs with different randomly guessed solution to other existing solutions. Once 
again, the results show that the sensitivity of the proposed method to initial guessed solution is negligible. Table 7 shows 
the optimal network cost and number of function evaluation required by different existing methods. Details of the 
optimal solution obtained by the proposed method are also presented in Table 8. The results show that proposed adaptive 
refinement process leads to near optimal solution with much less computational cost than alternative methods and the 
Two-Phase simulation-Optimisation method of Zaheri and Afshar [20]. 
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Table 7. Optimal network cost obtained by different methods for the second example 
Method Cost (U$$) NOFE 
Mansouri and Khanjani [23]  83,116 - 
Mansouri and Khanjani [23] GA 77,736 100,000
Afshar, et al. [16] CA method 80,879          23
Afshar and Rohani [17]           Discrete HCA 77,327          45
Continuous HCA 77,433          38
Zaheri and Afshar [20] Two-Phase CA 76,750      1184
                                              
Proposed adaptive method  77,285      196
Table 8. Result obtained by proposed adaptive CA method for the second example 
pipe Diameter (mm) Crown elevations (m.) Maximum velocity (m/s) ݕ
ܦ
Upstream Downstream
1 250 72.3900 71.4600 0.80 0.67 
2 350 68.6000 67.8000 0.85 0.63 
3 200 70.7500 69.0944 0.77 0.82 
4 250 71,4600 69,9000 0.80 0.73 
5 250 69,9000 68,9900 0.81 0.76 
6 250 68,9900 67,6500 0.91 0.71 
7 300 67,7000 66,0900 0.87 0.58 
8 300 66,0900 65,1300 0.75 0.69 
9 300 67,7500 66,8315 0.91 0.82 
10 400 66,9315 66,3500 0.76 0.58 
11 350 66,3000 65,1800 0.85 0.68 
12 400 65,2300 64,1700 0.90 0.81 
13 450 64,2200 63,7756 0.73 0.82 
14 500 63,8256 63,4700 0.70 0.71 
15 250 69,1444 67,9000 0.75 0.67 
16 250 67,9000 66,4000 0.83 0.69 
17 250 66,4000 64,6000 0.82 0.74 
18 350 64,7000 64,0000 0.68 0.59 
19 350 64,0000 63,3200 0.58 0.74 
20 400 63,3700 61,3370 1.51 0.82 
6. CONCLUDING REMARKS 
An adaptive refinement procedure was proposed in this article to improve the efficiency of the two phase simulation-
optimization cellular automata for optimal design of sewer network problems. In the proposed method, the continuous 
decision variables are discretized to turn the original mixed-integer problem to a discrete problem which is then solved 
by a two-phase CA method. It is obvious that coarse discretization requires low computational effort but may lead to 
sub-optimal solution while fine discretization may produce better solutions at the expense of higher computational cost. 
An adaptive refinement approach is, therefore, proposed to reduce the computational cost of the CA method with no 
adverse effect on the quality of the final solution. The optimization process starts with a coarse discrete value of pipes 
nodal elevations. A finer discretization of the pipe nodal elevations is then constructed in the neighborhood of optimal 
pipes nodal elevations obtained from the first run and the same process is used to find the new solution. This process is 
continued until no change in the solution is possible. The proposed method is applied to solve two benchmark problems 
of literature. The result explicitly shows that the proposed adaptive refinement approach leads to quality solution with 
much reduced computational effort.  
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